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ABSTRACT 



A television signal encoding and decoding system pro- 
viding a line-spin scrambled video signal with substan- 
tially reduced amplitude gaps and line tilt and a digital- 
ly-encrypted audio signal that can be transmitted within 
the bandwidth limitations of a conventional NTSG 
television signal. The television signal encoding system, 
located at a television transmitter, includes a video and 
an audio encoder. The = video encoder selectively line 
spin scrambles, reverses and inverts certain video lines 
or video line segments to generate a line-spin scrambled 
video signal having amplitude gaps less than some de- 
sired value. The audio encoder digitally encrypts the 
audio signal and modulates the encrypted audio signal 
with a. three-level partial response waveform to gener- 
ate and encrypted audio signal that can be transmitted 
within the bandwidth limitations, of a conventional 
NTSC television signal. The television signal decoding 
system, located at a television receiver, includes a video 
and an. audio decoder. The video decoder applies line 
tilt compensation to the received line-spin scrambled 
video, signal, and then unscrambles the compensated 
scrambled video signal. The audio decoder demodu- 
lates and decrypts the received audio signal. 

88 Qaimsi 9 Drawing Sheets 

'- ,214 



VIDEO 
ENCODER 



^38 



^50. 



to 





AUDIO/VIOEO 




A/0 


TELEVISION 


SEPARATOR 


■ \' 


CONVERTER 


StGNAL 




)24- 






zz 









.32 



.60 



MEMORY 



-60 
1 4.32MHr 



INVERTER 




0/A 
CONVERTER 



-60" 
14.32 MHz 



DIGITIZED 
VIDEO 
SIGNAL 

42 



I 12— 



52 



-60 
14.32MHz 

:^ 



I 



55 



ENCRYPTOR 



1^(20 
) 16 



DIGITAL TIMWG 
SIGNAL 
GENERATOR 



H. SYNCH 



.54 



SEED 



PSEUDORANDOM 
NUMBER 
GENERATOR 

^^7o 



1 4.32MHz CLOCK 



08/11/2003, EAST Version: 1.04.0000 



US. Patent Oct i6, 1990 



Sheet 1 of 9 



4^64 




08/11/2003, EAST Version: 1.04.0000 



lis. Patent Oct i6, 1990 
FIG. 6 



Sheet 2 of 9 4^64,162 



CO 



tlJ 

V-/ 

UJ 

a 

3 



Q. 

< 

O 
liJ 

o 



100" 



102 




160 185 



TIME 



885 909 
HORIZONTAL SAMPLE COUNT 



CO 



2 
13 



Uf 
O 



O 

u 
9 

> 



IOOt 



50-- 



FIG. 2A 




BEGINNING 



TIME' 



END 




BEGINNING 



TIME 




08/11/2003, EAST Version: 1.04.0000 



IIS. Patent Oct i6, 1990 



Sheet 3 of 9 





08/11/2003, EAST Version: 1.04.0000 



US. Patent Oct. i6, 1990 



Sheet 4 of 9 



4^64, 





•CD > — 

5 « 



08/11/2003, 



EAST Version: 



1.04 .0000 



US. Patent Oct i6, 1990 sheet 5 of 9 4^64,162 



Q 
LiJ 

N H O o J 
X «2 (T S < 



00 
Li_ 




o 



(f 



CO 
CO 



q: 
o 

Q 
< 

a: 



CO 



I 



g 

Ll. 



tn 



ro 



X 
3 



2 

2 cr 2 

q; CQ < 
Pig 



Q 5 



3ZS 

CO 
C2. 



If) 



Q 
Ui 
UJ 

CO 



- N 



CM 



CD 



CO 



o cc 

^UJO 
u q: 2 

O UJ 
CJ 



CO 

VJ5 



CO a: 
o 



in 



X 

■OJ 

to 

CO 



o 

H 
Q. 
>- 

q: 
a 

u 



o 

CO 



CVJ 
CO 





a: 




UJ 






o 






UJ 


< 


> 








o 




o 












OJ 



X 

2* 

CO 
CO 




- CVJ 



_l 2 

UJ CD cc 

CO H 
CQ 



08/11/2003, EAST Version: 1.04,0000 



US. Patent Oct. i6, 1990 



Sheet 6 of 9 



4^)64, 



CVJ 










tlJ 




CVI 










< q: 




N UJ 






Q > 






2- 






0 






C 


J 


0 

















M 

X 

■ ^ 

CO 
CVi 




AMPLITUDE 




08/11/2003, EAST Version: 1.04.0000 



U.S. Patent Oct i6, 1990 sheet 7 of 9 4^64,1 



Li. 




Q Z 

<55 




CO 
cvl 

CM 








CVJ 


\ 


CM 






cvi 




cvl 




cvj 


z 




2-j 




CO < 








ul^ 




-J CO 




Ul 









08/11/2003, EAST Version: 1.04.0000 



US. Patent Oct. 16, 1990 sheet 8 of 9 4^64,162 

FIG. 16 

322 " 

HALF I . r 

r 



228 



BANDPASS 




A/0 


FILTER 




CONVERTER 


^318 


^320 



LATCH 



300 



HALF 
AMPLITUDE 
THRESHOLD 



326 



INVERTER 
328-^ 330 



ON-SYMBOL 

CLOCK 
GENERATOR 



-324. 



FIG. I3A 

252 

ABC \ D 



254 



260 . 



-250 



256 

FIG. I3C 

0 



"LP 
FIG. I3E 



0.4 



C DAB 



FIG. I3B 



C D- A B 



fig; I3D 

C 



262 



FiG. I3F 



k B^C 0 



08/11/2003, EAST Version: 1.04.0000 



IXS. Patent Oct 16, 1990 



4^64,162 




08/11/2003, EAST Version: 1.04.0000 



4,964,162 

1 2 

Hne and, therefore, allows a pirate to unscramble the 

SECURE TELEVISION SI^AL I^fCODING AND scrambled video dgnal. 

DECODING SYSTEM . In addition to providing a means for unscrambling 

the scrambled video signal, the amplitude gap or dis- 

This application is a continuation-in-part of copend- 5 continuity in each scrambled video line also causes a 

ing applications by one or more of the siame inventors distortion in the unscrambled video line. The distortion 

entitled *line TQt Compensation Method and Appara- results from the . very high frequency content of the 

tus," Ser. No. 773.488, filai on Sept 9. 1985, "Minimi- discontinuity and the limited bandwidth of conven- 

zadon of Amplitude G^s in a Line-Spin Scrambled tional television transmission and reception systems The 

Signal," Ser. No. 831,941, ffled on.Fd). 24, 1986, now 10 distortion occurs during the transmission and rcception 

U.S. Pat, No. 4,827^10. Synchronization of Digital process and appears in the vicinity of the discontinuity 

Processing Tuning Signals with a Video Signal." Ser. in each scrambled video line. As a result of unscram- 

Na 829,268. filed on Fdb. 14. 1986. and subsequently ^^S^ the distortion is shifted to the beginning and the 

abandoned and 'Trananission and Reception of Televi- ^ of the active portion of the unscrambled video Une. 

sion Broadcasts in ffigh-Fidelity Stereo Audio." Ser. 15 Another disadvantage of Une spin scrambhng is a 

Na 878,735. ffled on June 26, 1986. which issued as U.S. distortion m the unscramblwi video signal caused by 

Pat No. 4,712.240 on Dec. 8. 1987. hne tilt Lme tdt is a sav^ooth-shaped vo^^^ 

also corrupts each viaeo line' dwing the ■ transmission 

BACKGROUND OF THE INVENTION and reception process. The phase of the sawtooth wave- 

TTiis invention relates genendly to television trans- ^ form is such that a linear cluirgenmpoccn^^^ 

mission and reception systLs and. more particularly, to i>^«zon^ b\<m^mUsry^j^ Itaear d^c^arge "mp 

television signal enco.Lg and decoding systems pro- occurs durmg the active portion of the vuieo hue. The 

. 7. . J TT^ /. Jj » hnear discharge ramp corrupts, the acUve portion of 

viding secure transmission and reception of both video each video line whetlir the video line is scrambled with 

and audio «3mponcnts of a television signa^^ the line spin technique or not However, the effect on a 

Secure transmission of television signals has be^^^ a ^^^^ P.^^ undetectable when a video 

matter of increasing miportance with thegrowmg pop- been line-spin scrmblcd. This is because 

utoty of video teleconferencing cable TV thTamplitude and phase of the line tflt are approxi- 

TV transmission^ and with the advent of direct-broad- ^i/^^ f^,"^ video lines and. therefore, the 

cast-wtelhtc (DBS) transmission Vanous telev^^^^ ^^^^ ^^^^^ ^^^^ ^3 ^^^^ ^ 

signal encodmg techmques have been developed that direction and is a gradual luminance variation 

provide varymg levels of secunty, with correspondmg horizontal direction. However, a video iine that 

levels of complexity and cost These range from rela- ^ line-spin scrambled has the fiiU an^)Utude of 

tively simple but easy to **break" sync-suppression tech- appUed at a single point, where the two 

niques, which can be employed to protect the video 35 segments are pieced back together during unscram- 

component of a television signal, to relatively complex -j^ cay^ses a sharp luminance discontinuity at the 

but difficult to **break" digital encryption techniques, randomly chosen spin breakpoint in each video line, 

which can be employed to protect both the video and resulting in a chaotic hashing of luminance striations in 

audio components of a television signal. One video received picture. 

encoding technique that provides a relatively secure 40 Although the video component of a television signal 
video signal, with a modest amount of complexity and ^an be made relatively secure by line spin scrambling, 
cost, is line spin scrambling. the audio component of the television signal is prefera- 
Line spin scrambling is performed in an encoder by ^ly made secure by digital encryption techniques. Be- 
segmenting the active portion of each video line at a cause of the increasing popularity of stereo television 
breakpoint determined by a pseudorandom number 45 broadcasts, the audio signal is frequently a stereo audio 
generator. The two segments of each video line are then signal However, a conventional NTSC (National Tele- 
interchanged, or "rotated," while the horizontal and vision System Committee) television signal provides 
vertical synchronization and blanking intervals are left only a single channel for the audio signal on a subcarrier 
Intact After transmission and reception of the video frequency at 4.5 MHz above the video carrier fre- 
signal, the signal is unscrambled in a decoder by revers- 50 quency. The 4.5 MHz audio channel is not sufficiently 
ing the line spin scrambling applied to each video line in separated from the video upper bandwidth at 4.2 MHz 
the encoder. The . spin breakpoint of each scrambled to easily accommodate the bandwidth required for a 
video line is determined in the decoder by an identical . stereo audio signal 

pseudorandom number generator that is synchronized Various techniques, which vary depending upon the 
with =the pseudorandom number generator in the en- 55 mode of transmission of the television signal, have been 
coder. A ^ical Une spin scrambling system is disclosed devised for transmitting stereo audio within these band- 
in U.S. Pat No. 4,070,693 to Shntterly. width limitations. For ground-based television transmis- 
Although line . spin : scrambling offers many advan- sion systems, such as o ver-the-air or cable transmission 
tages, it has certain disadvantages. One of the disadvan- systems, the bandwidth of the television signal is gener- 
tages is that an amplitude gap or discontinuity appears 60- ally limited to 4.5 MHz. One technique for transmitting 
at the point in each scrambled video line where the two stereo audio within this 4.5 MHz bandwidth limitation 
segments are pieced together. The amplitude gap results is to transmit the stereo audio signal in a burst during 
from the difference in the amplitudes at the beginning the video horizontal : blanking interval. However, a 
and the end of the active portion of each video line prior digitally-encrypted stereo audio signal cannot be trans- 
to line , spin scrambling. This is because, afrer scram- 65 mitted during the brief horizontal blanking interval 
bling, these two amplitudes are positioned at the same unless the digitized signal is either compressed or the 
point in the video line. The amplitude gap provides the sampling rate of the stereo audio signal b reduced 
location of the spin breakpoint in each scrambled video below the Nyquist sampling rate. Both of these altema- 
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tives severely degrade the quality of the stereo sound. access memory in a sequence, and then inverted m an 

In addition, transmitting an audio ^gnal during the inverter, according to the particular inverse, reverse 

video horizontal blanking interval destroys both the and line spin scrambling transforms being applied to the 

video horizontal synchronization , signal and the video video line or video Hne segment to minimize the ampli- 

color burst signal S tude gap. A pseudorandom number generator provides 

For satellite-based transmission systems, analog ste- the line spin scrambling breakpoint 
reo audio signals are. frequently transmitted over two a transform identifier, which indicates what particu- 

separate channels at subcarrier frequencies of 5.8 and lar transforms have been applied to each video line, is 

' 7.6 MHz above the video carrier frequency. The. two encrypted in an encryptor along with a pseudorandom 

channels are necessary because the conventional NTSC 10 number generator seed value. The transform identifier 

audio channel at 4.5 MHz int^eres with the video 53 ^ged for unscrambling the scrambled video signal and 
signal and, therefore, is generally not transmitted. How- seed value is used to synchronize the pseudorandom 

ever, the two satellite channels arc typically analog number generator with a similar pseudorandom number 

channels and cannot acconunodate the bandwidth re- generator at the receiver. The encrypted transform 

quired for transmission of a digitally-encrypted stereo 15 identifier and seed value are then inserted into the hori- 

audio signal, unless the digitized signal is either com- zontal blanking interval of the line-spin scrambled video 

pressed or the sampling rate of the stereo audio signal is signaL 

reduced bdow the Nyquist sampling rate. encoder digitally encrypts and modulates 

Accordingly, there has been a long existing need in ^ ^^^^ presently preferred em- 

the broadcasting industry for an improved television 20 ^odiment of the invention, is a stereo audio signal. The 
transimssion and reception systoe^^^ hne spm ^ modulated with the three-level 

scrambhng for the >^eo signal digital en^yption ^^^^ waveform, a pulse modulated code 

for the audio signed The Ime-spm scrambled video sig- thre^level coded pulses rather than conven- 

nMshouldtecapablcofb^gtea^^ tional on-off or two-level coded pulses. Tliis results in a 

without suffering from the dlsad^^Ugeous effects 25 ^^^^th reduction of approximately 50% over two 

SStSaX'Salf^^^^^^ level pulse code modulati'o^u^^^ 

J J " 5r u }^ 'A^uv ^ lated stereo audio signal to be transmitted withm the 

mitted and received withm the bandwidth Inmtations of . , j^vi- *j ^ ivrrci^* 1 • 

the conventional NTSC or sateUite television signal band^adth Inmtations of the conv^tionalOT^^ 

without the digitized audio signal being compressedor 30 P^'^ • P^^^^ Pf^^^^^ f^^J^'^^i ? 

the sampling rate of the audio signal being reduced "^venuon, for miplementation in sateUite-based trans- 
below the Nyquist sampling rate. The present invention ^^^f' ^^}^ modulated 

clearly fWfili these needs. ^ three-level partial response waveform and then 

digitally up-converted to a 6.6 MHz quadrature subcar- 

SUMMARY OF THE INVENTION 35 rier frequency. In another presently preferred cmbodi- 

The present invention resides in a television signal f^nt of the invention, for implementation in ground- 
encoding and decoding system providing a line-spin transmission systems, the modulated stereo audio 

scrambled video signal with substantially reduced am- ".^^ « multiplexed mto the video signal during the 

plitude gaps and line tilt and a digitaUy^crypted audio video horizont al blankmg interval. ^ ^^^^^ ^ 

signal that can be transmitted within the bandwidth 40 rcwavcr, the llne-spm scrambled video signal is 
limitations of a conventional NTSC television signal. digitized m the video decoder by an analog-to-digital 
Briefly, and in general terms, the television signal en- converter. A digital timing signal generator synchro- 
coding system, located at a television transmitter, in- "izes the san^)hng rate of the analog-to-digital con- 
cludes a video and an audio encoder. The video encoder verter with the color burst signal included in the di^- 
selectively line spin scrambles, reverses and inverts 45 scrambled video signal. Line tilt compensation is 
certam video lines or video line segments to generate a applied to the digitized scrambled video signal in a 
Une-spin scrambled video signal having amplitude gaps line tfit compensation circuit. The compensated scram- 
less than some desired value. The audio encoder digi- hied video signal is stored, one horizontal line of scram- 
tally encrypts the audio signal and modulates the en- hied video at a time, in a random access memory. The 
cryptcd audio signal with a three-level partial response 50 stored samples of each video line are read from the 
waveform to generate an encrypted audio signal that random access memory in a sequence, and then inverted 
can be transmitted within the bandwidth limitations of a in an mverter, according to the particular inverse, re- 
conventional NTSC television signal. The television verse and line spin scrambling transforms applied to the 
signal decoding system, located at a television receiver, video line in the video encoder. A pseudorandom num- 
inciudes a video and an audio decoder. The video de- 55 her generator provides the same line spin scrambling 
coder applies line tilt compensation to the received breakpoint that was applied to the video line in the 
line-spin scrambled video signal and then unscrambles video encoder. 

the compensated scrambled video signal. The audio .The transform identifier and pseudorandom number 

decoder demodulates and decrypts the received audio generator seed value, which were encrypted and in- 

signaL 60 serted into the horizontal blanking interval in the video 

^ More specifically, the video signal is digitized in the encoder, are removed from the horizontal blanking 

video encoder by an analog-to-digital converter. A interval of the scrambled video signal and decrypted by 

digital timing signal generator synchronizes the sam- a decryptor. The transform identifier provides the iden- 

plingrateof the analog-to-digital converter with a color tity of the particular transforms applied to the video 

burst signal included in the digitized video signal The 65 lines in the encoder and the seed value synchronizes the 

digitized video signal is stored, one horizontal line of pseudorandom number generator in the video decoder 

video at a time, in a random access memory. The stored with the pseudorandom number generator in the video 

samples of each video line are read from the random encoder. 
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The line tilt compensation circuit applies line tilt; FIG. 11 is a voltage-frequency graph of an 8 MHz 
compensation to the line-spin scrambled video signal by bandwidth video and audio signal; 
measuring the amplitude of the line tQt present in the FIG. 12 is a blodc diagram of a television signal de- 
scrambled video signal and then summing a comple* coding apparatus iUustrating the basic system compo- 
mentary ramp based on the measured amplitude with 5 nents/ including an audio, decoder and a line tflt com* 
each ; line of tiie scrambled video signal prior to un- pensatioii circuit; 

scrambling. The ampHtudc of the line tilt is measured by FIGS. 13A-13F are voltage-time graphs of a video 

inserting a dmnmy video line having a constant-amph- ij^e before and after line spin scrambling and after trans- 

tude active portion .into the video signal at the video mission, line tilt compensation and unscrambling; 

encoder and then, after transmission, measuring the 1^ FIG. 14 is a block diagram of the line tilt compensa- 

difference in the amplitude at the begixming and the circuit; 

amplitude at the end of the active portion of the dummy pjQ 45 jg ^ block : diagram of the audio decoder 

video line. illustrating the basic subsystem components, including a 

The . audio decoder demodulates and decrypts tiie staggered quadrature partial response (SQPR) demodu- 

partial-response modulated stereo audio- signal. The " lator and 

modulated stereo audio signal is first digitized by an ^ y^^^ diagram of the SQPR demoduia- 

analog-to-digital converter. The stereo audio signal . 
then recovered from the digitized modxilated stereo 

audio signal through an RF sampling of the digitized DETAILED DESCRIFTION OF THE 

audio signal. RF sampling is a data recovery method by ^ PREFERRED EMBODIMENTS 

which the audio data recovered directly from the as shown in the drawings for purposes of Ulustration, 

6.6 MHz quadrature subcarner frequency sig^, wiA- ^^^^ invention is embodied in a television signal 

out first dowDK:onvertmg the audio signal from the ^^^^^ ^^^^ ^^^^^ providmg a line-spin 

subcarner frequency ^ scrambled video signal with substantially reduced am- 

It will be appreciated from the foregomg that the ^ t-^J,* j „„^;^ 

T*^ . , : ^I.,* J nlitude gaps and line tilt and an encrypted audio signal 

present mvention provides greatly improved transmis- y*^^^^ 6»f^ o~ 
sion and reception characteristics for a line-spin scram- that can be transimt^^tiim the bandwidth limitations 
bled video si^ andadigitally-encrypted audio signal. of a conveaUonal OTSC television sigiml. ^^^^ 
Other featurraand advantages of the present invention ,0 ^odmg tcchmques have been developed for transmittmg 
wiU become apparent from the foUowing more detailed and reccrving secure television signals. One video en- 
description, taken in conjunction with the accompany- coding technique that provides a relatively secure video 
ing drawings, which illustrate, by way of example, the signal, with a modest amount of complexity and cost, is 
principles of the invention. scrambling. However, line spin scrambling has 

certain disadvantages. One disadvantage is that ampii- 

BRIEF DESCRIPTION OF THE DRAWINGS ^ tilt distort the line-spin scrambled 

FIG. 1 is a block diagram of a television signal encod- video signal. Another disadvantage is that a pirate can 

ing apparatus illustrating the basic system components, unscramble the line-spin scrambled video signal by 

including an audio encoder and a (hgital timing signal detecting the- location of the amplitude gap in each 

generator, 40 line-spin scrambled video line. The audio component of 

FIGS. 2A-2C are voltage-time graphs of the active a television signal is preferably made secure by digital 

portionofa video line before line spin scrambling, after encryption techniques. However, the single NTSC 

line spin scrambling and with the second segment in- audio channel is not sufficiently separated from the 

verted; video bandwidth to easily accommodate the bandwidth 

FIG. 3 is a voltage-time graph of the video line of 45 required by a digitally-encrypted audio signal, unless 

FIG. 2A reversed; the . digitized audio signal is either compressed or the 

FIGS. 4A-4C are voltage-time graphs of the active^ sampling rate of the audio signal is reduced below the 

portion of a video line before line spin scrambling, after Nyquist sampling rate. 

line spin scrambling and witii the second segment re- ^ accordance with the present invention, the televi- 

„ , ^ r.^ ^ 50 sion encoding system, located at a television transmit- 

FIGS. 5A-5C are voltage-tnne graphs of the active ^^j^^^ a video and an audio encoder. The video 

portioii of a video hue before hne spm scrambhng, after ^^^^ selectively line spin scrambles, reverses and 

hne spm scrambhng and with the second segment m- ^^^^ segments to 

^^I3f^^- 1* *- — u^f«.«j-^i;--;iw^» „ generate a line-spin scrambled video signal having am- 
FIG. 6 IS a voltage-time graph of a video Ime illustrat- 55 ^ 1 1.- j • j 1 tm. j* 

A xy. vuaWtM»5v MAAAw .... . nlitude itaDS less than some desired value. The audio 

^JP^<^on of a g«.rd.8tnp.w.th a Ime spin ^^^^^^^y encrypts the audio signal and modu- 
7ia tocTSlagram of the digital timing signal ^ the encrypted audio signal with a three-level par- 
emtor ^ . tial response waveform to generate an encrypted audio 

FIG. S is ablock diagram of theaudio encoder iUus- (o agnal that ^ be = transimtted the bandwidth 

trating the basic subsystem components, including a hmitations of the conventional. NTSC television signal. 

staggered quadrature partial response. (SQPR) modula- The television decoding system, k>cated at a television 

jQjT receiver, includes a video and an audio decoder. The 

FIG. 9 is a block diagram of the SQPR modulator, video decoder applies line tilt compensation to the re- 
FIGS. lOA-lOB are voltage-time graphs illustrating a 65 ceived line-spin , scrambled video signal iand then un- 

seiial bit stream of ones and zeroes and the correspond- scrambles the compensated scrambled video signal. The 

ing tn-phase and quaxirature-phasc symbol streams be- audio decoder demodulates and decrypts the received 

fore and after differential encoding; audio signal. 
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rT«.»^. > , »,^T^-»»^«.,^ ^-r,,.^ , gencratOT seed vahie, on" line 54w The seed value on line 
TELEVISION SIGNAL ENCODING SYSTEM I4 is used to synchiSiize pseudorandom number gener- 

FIG. 1 Uhistrates a television signal encoding appara- ator 40 with a similar pseudorandom number generator 

tus 20 in accordance with a presently preferred embodi- at the receiver. The encrypted transform identifier and 

ment of the invention. The television dgnal encoding 5 seed value, on line 55, are inserted into the horizontal 

apparatus 20 includes a video encoder 22 for Ui^ spin ■ blanking interval of the line-spin scrambled video signal 

scrambling the video component of a television signal, at a summer 56. The analog-to-digital converter 32, 

on line 24, and an audio encoder 26 for digitally cn- random access memory 34, inverter 38 and digital-to- 

crypting and modulating the audio component of the analog converter ^ are clocked by a 14.32 MHz clock 

television signal, on line 28. An audio/video separator 10 signal, output by the digital timing signal generator 42, 

30, which can be a bandpass filter, separates the audio on line 60. 

and video components of the television signal. . ..^ ^ ^ » j *i 

^ Amphtude Gap Reduction 

VIDEO ENCX>DER transform encoder 36 selectively line 

The video encoder 22 includes an analog-to-digital is spin scrambles, reverses and inverts particular video 
converter 32, a random access memory 34, a line spin lines or video line segments to generate a line-spin 
transform encoder 36, an inverter 38, a pseudorandom scrambled video signal having amplitude gaps less than 
number generator 40 and a digital timing signal genm- some desired value. This reduction of the amplitude 
tor 42. The video signal on line 24y which includes a gaps is described m detail in the parent application of 
color burst signal and horizontal and vertical synchroni- 20 the present application entitled "Minimization of Am- 
zation signals, is digitized by the analog-to-digital con- plitude Gaps in a Line-Spin Scrambled Signal,** Ser. 
verter 32 at a sampling rate of 14.32 MHz, a frequency . No. 83 1,941,. filed on Fd^. 24, 1986, which is attached as 
four times the frequency of the color burst signal. This Appendix A to this application and is incorporated 
sampling rate provides 910 digital samples for each herein by reference. 

video line. The digitized video signal, on Ime 44, b 25 FIG. 2A shows the active portion of a horizontal 
stored, one horizontal line of video at a time, in the video line 62 prior to line spin scrambling about a pseu- 
random access memory 34. The stored samples of each dorandom breakpoint 64. FIG. 2B shows the video line 
video line are read from the random access memory 34 62 after line spin scrambling, the line-spin scrambled 
in a sequence and inverted in the inverter 38 according video line having two interchanged video line segments 
to the particular reverse, inverse and line spin scram- 30 66, 68. Segment 66 iiicludes the portion of video line 62 
blmg transforms to be applied to the video line or video from the spin breakpoint 64 to the end of the active 
line segment The pseudorandom number generator 40 portion of the video line and segment 68 includes the 
provides the line spin scrambling breakpoint The line portion of video line 62 from the beginning of the active 
spin transform encoder 36 controls the appUcation of portion of the video line to the spin breakpoint 64. The 
the line spin scrambling, reverse and inverse transforms 35 difTerence between the amplitude at the beginning and 
to the video line or video line segment by the memory the amplitude at the end of the active portion of video 
34 and the inverter 38. The digital timing signal genera- line 62 causes an amplitude gap 70 in the line-spin 
tor 42 synchronizes the sampling rate of the.analog-to- scrambled video line. 

digital converter 32 with the color burst signal in the In accordance with a presently preferred embodi- 
digitized video signal on line 44. 40 ment of the invention, which provides a line-spin scram- 

A video line or video line segment is reversed in the bled video signal havmg amplitude gaps less than 50 
random access memory 34 by reading the video line or IRE, video line 62 is line spin scrambled as shown in 
video line segment from memory 34 in reverse order. A FIG. 2B. After line spin scrambling, video line segment 
video line is line spin scrambled in the random access 68 is inverted if the resulting amplitude gap 70 is greater 
memory 34 by interchanging the order that the two 45 than 50 IRE units. Segment 68 is mverted in inverter 38 
segments are read from memory 34. The inverse trans- by subtracting the sampled amplitudes across the seg- 
form is applied in the inverter 38 by subtracting the ment from 100 IRE units. FIG. 2C shows the line^in 
amplitude of a stored sample from the sample's maxi- scrambled video line having an inverted video line seg- 
mum amplitude of 100 IR£ (Institute of Radio Engi- ment 68'. Alternatively, video line segment 66 can be 
neers) units. Zero IRE units is full-scale black and 100 SO inverted rather than segment 68. 
IRE units is full-scale white on the luminance scale. The In accordance with another presently preferred em- 
line spin transform encoder 36 apphes the reverse or bodiment of the invention, which provides a line-spin 
line spin scrambling transform to each video line or scrambled video signal having amplitude gaps less than 
video line segm^it by sending the appropriate address some preselected value, such as 20 IRE units, video line 
mformation to the random access memory 34, on line 55 62 is line spin scrambled only if the resulting amplitude 
46. The line spia transform encoder 36 applies the in- gap 70 is less than or equal to the preselected value. If 
verse transform to each video line or video line segment amplitude gap 70 is not less than or equal to the prese- 
by engaging the inverter 38 with an invert signal, on lected value, video line 62 is not line spin scrambled, but 
line 48. is reversed. FIG. 3 shows a leversed video line 62'. If 

The digitized line^in scrambled video signal output 60 the next video line also has an amplitude gap that is not 
by the inverter 38 is converted into an analog line-spm less than or equal to the preselected value and, there- 
scrambled video signal, on line 49, by a digital-to-analog fore, is not line ^in scrambled, this video line is not 
converter 50. The line spin transform encoder 36 out- reversed, but is transmitted in its original form. There- 
puts to an encryptor 52 a transform identifier indicating fore, large blocks of video, lines that are not line spin 
what particular transforms have been applied to each 65 scrambled are still encoded, since every other video line 
video line. The transform identifier, which is used to is reversed. 

unscramble the video signal at a receiver, is encrypted In accordance with another presently preferred em- 
m the encryptor 52 along with a pseudorandom number bodunent of the invention, which provides a line-spin 
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scrambled video signal having amplitude gaps less than 
some preselected value, such as 20 IRE units, a video 
line is line spin scrambl«i only if the resulting amplitude 
gq> is less than or equal to the preselected value. If the 
amplitude gap is not less than or equal to the preselected S 
value, the video line may still be line spin scrambled if 
the following conditions are met A video line having 
an amplitude gap greater than the preselected value is 
line spin scrambled if the beginning and the end of the 
active portion of the video line are both above or below 10 
the 50 IRE unit reference line and if the amplitude gap 
can be reduced to at least the preselected vahie by re- 
versing one of the segments after the line spin scram- 
bling. -FIG. 4A shows a video line 72 having end points 
above the 50 IRE unit reference line. Scrambling the 15 
video line 72 about a spin breakpoint 74v as shown in 
FIG. 4B, results in a line-spin scrambled video line 
having two interchanged segments 76, 78 and an ampli- 
tude gap 80 greater than 20 IRE units. However, as: 
shown in FIO. 4C, amplitude gap 80 can be reduced to 20 
less than 20 IRE units by reversing the second segment 
78. The reversed second segment and the reduced am- 
plitude gap arc indicated in FIG. 4C by segment 78' and 
amplitude gap 80', respectively. 

If the amplitude gap .80 cannot be reduced to at least 25 
the preselected value by reversing one of the segments, 
or if the beginning and the end of the active portion of 
the video line are not both above or below the 50 IRE 
reference line, a video tine may still .be line spin scram- 
bled if the amplitude gap can be reduced to at least the 30 
preselected value by inverting one of the segments and 
reversing the other segment FIG. 5A shows a video 
line 82 having a beginning and end that are not both 
above or below the 50 IRE unit reference line. Scram- 
bling the video line 82 about a spin breakpoint 84, as 35 
shown in FIG. 5B, results in a hne-spin scrambled video 
line having two interchanged segments 86, 88 and an 
amplitude gap 90 greater than 20 ERE units. However, 
as shown in FIG. 5C, amplitude g^ 90 can be reduced 
to less than 20 IRE units by inverting the second seg- 40 
ment 88. The inverted second segment and the reduced 
amplitude gap are indicated in FIG. 5C by segment 88' 
and amplitude gap 90', respectively. If the amplitude 
gap cannot be reduced to at least the preselected value 
by inverting one of the segments, the video line may still 45 
be line spin scrambled if the amplitude gap can be re- 
duced to at least the preselected value by invertmg one 
of the segments and reversing the other segment 

If the amptitude gap cannot be reduced to at least the 
preselected value by inverting one of the segments and SO 
reversing the other segment, the video line is not line 
spin scrambled, but is reversed. If the next video line . 
also has an amplitude gap that is. not less than or equal 
to the preselected value and, therefore, is: not line spin 
scrambled, this video line is not reversed, but is trans- 55 
mitted in its original form. Therefore, large blocks of 
video lines that are not line spin scrambled are still 
encoded, since every other video line is reversed. 

The line spin transform encoder 36 selectively applies 
the various line spin, reverse and inverse transforms to 60 
each video line by measuring amplitude differentials 
between several points; along each video line. These 
amplitude diiferentials are computed by measuring the 
difference between the amplitude at the beginning and 
the amplitude at the end of the acdve portion of each 65 
video Hne and the difference between the amplitude at 
each endppint and the amplitude at the spin breakpoint 
The computation and applicadon of these amplitude 



differentials is described in greater detail in the above- 
referenced parent applicadon of the present application 
entitled "Minimization of Amplitude Gaps in a Line- 
Spin Scrambled Signal*' 

Line Spin Transform Encoder 

The line spin transform. encoder 36 applies the line 
spin scrambling transform to a video line as shown in 
FIG. 6. FIG. 6 illustrates a full video line, including an 
active portion from horizontal sample count 160 to 
sample; count 909 and a horizontal blanking interval 
from horizontal sample count 0 to sample count 160. 
The horizontal blanking interval includes a front porch 
92, a horizontal synch pulse 94 and a back porch 96 
having an eight-cycle color burst signal 98. The line 
spin transform is applied to the active portion of the 
video line about a spin breakpomt 100. The spin . break- 
point 100 is generated by the pseudorandom huinber 
generator 40 and can fall anywhere within the range 
from horizontal sample count 185 to sample count 885. 

The line spin transform encoder 36 first addresses the 
random access memory 34 with the sequence of mtegers 
from 0 and 160 in order to read the horizontal blanking 
interval from memory 34. The line spin transform en- 
coder 36 then addresses memory 34 with the sequence 
of integers from the sample count of the spin breakpoint 
minus a guard strip to the sample count of 909 minus the 
guard strip. This portion of the video line is indicated in 
FIG, 6 as segment 102 and the guard strip is indicated as 
segment 103. The guard strip, which is a constant be- 
tween 5 and 20, prevents certain distortions firom affect- 
ing the unscrambled video signal. These distortions . 
occur during transmission and reception of the scram- 
bled video sigioal due to the limited bandwidth of trans- 
mission and reception systems. The line spin transform 
encoder 36 then addresses memory 34 with the se- 
quence of integers from the sample count of 160 plus the 
guard strip to the sample count of the spin breakpoint 
plus the guard strip. This portion of the video line is 
indicated in FIG. 6 as segment 104 and the guard strip 
is indicated as segment 105. When the linerspin scram- 
bled video line is transmitted, the repeated guard strip 
information about the spin breakpoint 100, which is 
now at the endpoints of the active portion of the scram- 
bled video line, will; be distorted due to the limited . 
bandwidth of the transmission and reception system 
rather than any other video information aboiu the spin 
breakpoint 

Digital Timing Signal Generator 

The digital timing signal generator, shown m detail in 
FIG. 7, generates the various digital timing signals used 
in the video encoder 22. This generation of the various 
digital timing signals is described in detail in the parent . 
application of the present application entitled ''Syn- 
chronization of Digital Processing Timing Signals with 
a Video Signal,? Ser. No: 829,268, filed on Feb. 14, 
1986, which is attached as. Appendix B to this applica- 
tion and is incorporated herein by reference. 

The various digital timing signals' include the 14.32 
MHz master sampling clock signal on line 60, a horizon- 
tal sample count signal output on line 112 by a horizon- 
tal counter 114, a reference horizontal synch signal 
output on line 116 by a horizontal synch generator 118, 
a vertical sample count signal output on line 120 by a 
vertical counter 122, and a reference vertical synch 
signal output on line 124 by a vertical synch generator 
126. The master sampling clock signal on hne 60 regu- 
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lates the sampling rate and the digital processing rate of The phase error detector 142 measures the phase error 

the video signaL The horizontal and vertical sample between the video horizontal synch signal on line 140 

count signals on lines 112, 120 provide the identifying and the reference horizontal synch signal on line 116 by 

means for. each digital video sample. The reference comparingthetimeofarhvalof the leading edges of the 

horizontal and vertical synch signals on lines 116, 124 5 two horizontal synch signals. The output of the phase 

are internally-generated video synchronization sig^ials. error detector 142 is the number of 14.32 MHz sample 

As shown in FIG. 7, the master sampling clock signal counts between the two signals. The number of san4)le 

on line 60 is synchronized with the color burst signal in counts is loaded into the horizontal counter 114 by a 

the digitized video signal on line 44. The master sam- load pulse that is generated at the end of every horizon- 

pling cldck signal & synchronized by measuring the lo tal line, at the count of 909. The load pulse is generated 

phase error between the digitized color burst signal and by the horizontal synch signal generator 118 and is 

a color-burst-frequency signal, on line 128. The color- output on line 146. Therefore, the horizontal counter 

burst-frequency signal on line 128 is an internally- :114start5countingat the beginning of the next horizon- 
generated, digital reference signal at the frequency of tal line with the nutmber of sample counts, plus or minus, 

the Video color burst signal: The phase error between 15 that the two horizontal synch signals are apart 

these two signals is measured by a phase error detector Tlie vertical counter 122, which is clocked by the 

130 as described in ; greater detail in the above- horizontal counter load pulse on line 146, counts in 

referenced parent application of the present application increments of 1 from 0 to 524, corresponding to tht 525 

entitled "Synchronization of Digital Processing Timing horizontal lines per firame of video. The vertical sample 

Signals with a Video Signal." The phase error controls 20 count signal on line 120 is synchronized by loading the 

the frequency of a voltage controlled oscillator 132, vertical counter 122 with the line number of the video 

which generates the master sampling clock signaL line having the vertical. synch signal when that particu- 

The master sampling clock signal on line 60 generates lar videk) Ime is detected by the vertical synch signal 

the color-burst-frequency signal on line 128 by driving detector 144. The line number of the video line having 

a two-bit binary counter 134. The two-bit binary 25 the vertical synchronization signal is a constant and is 

counter 134 converts the clock pulses at 14.32 MHz, loaded into the vertical counter 122 on line 148. The 

which is four times the color burst frequency of 3.58 vertical counter 122 is reset to zero by a clear pulse, 

MHz, into a repetitive series of the binary numbers 00, which is .output on line 150 by the vertical synch signal 

01, 10 and 11. The most significant bit of the binary generator 126 at the count of 524. 

numbers is a sign bit and, therefore, the series of bmary 30 ATTrkTr* T3xir«rfcr*t7t> 

numbers represents the amplitudes (H-O, -h 1, -0 and AUDIO ENCODER 

— 1) of a digital sine wave having a frequency of 3.58 The audio encoder 26 digitally encrypts and modu- 

MHz at the phase angles of 0, 90, 180 and 270 degrees, lates the audio component of the television signal on 

respectively. line 28. In the presently preferred exnbodiment of the 

As shown in FIG. 7, the horizontal sample count 35 invention, the audio signal is a stereo audio signal. The 
signal on line 112 and the reference horizontal synch stereo audio signal is modulated with a three-level par- 
signal on line 116 are synchronized with the video hori- tial response , waveform, a puls^ modulated code utiliz- . 
zontal synch signal in the digitized video signal on line ing thre^-level coded pulses rather than conventional 
44. In addition, the vertical san^le count signal on line on-ofiT or two-level coded pulses. This results in a band- 
120 and the reference vertical synch signal on Ime 124 40 width reduction of approximately 50% over two-level 
are synchronized with the video vertical, synch signal in pulse code modulation, thus allowing the modulated 
the digitized video signal on line 44. The video horizon- stereo audio signal to be transmitted within the band- 
tal and vertical synch signals are separated from the width limitations of the conventional NTSC television 
digitized video signal on line 44 wi^ a synch signal signal. This modulation of the stereo audio signal is 
separator 136 and applied to a hysteresis circuit 138 to 45 described in detail in the parent application of the pres- 
reduce noise and false transitions of the synch signals. ent application entitled 'Transmission and Reception of 
The synch signals are output by the hysteresis circuit . Television Broadcasts in High-Fidelity Stereo Audio," 
138 on line 140. ~ Ser. No. 878,735, filed on June 26, 1986, which is at- 

The horizontal sample count signal on line 112 is tached as Appendix C to this application and is incorpo- 

synchronized with the video horizontal synch signal on 50 rated herein by reference. 

line 140 by measuring the phase error between the In a presently preferred embodiment of the invention, 
synch signal on line 140 and the reference horizontal for implemoitation in satellite-based transmission sys- 
syncb signal on line 116 in a phase error detector 142. terns, the stereo audio signal is modulated with the 
The horizontal synch generator 118 generates the refer- three-level partial response waveform and then digitally 
ence horizontal synch signal on line 116 when ad- 55 up-converted to a 6.6 MHz quadrature subcarrier fre- 
dressed by the horizontal counter 114. The vertical quency. In another presently preferred embodiment of 
sample count signal on line 120 is synchronized with the the invention, for implementation in ground-based 
video vertical synch signal on line 140 by loading the transmission systems, the modulated stereo audio signal 
vertical counter 122 with the line number of the video Is multiplexed into the video signal during the video 
line having the vertical synch signal when that particu- 60 horizontal blanking interval, 
lar video line is detected by a vertical synch signal « ,.. ^ . . « 
detector 144. The vertical synch sign^ generator 126 Satelhte-Based Transmission System 
generates the reference vertical synch signal on line 124 FIG. 8 shows a stereo audio encoder 26 for encoding 
When addressed by the vertical counter 122. a stereo audio signal to be transmitted over a sateUite- 
The horizontal counter 114, which is clocked by the 65 based transmission system. The audio encoder 26 in- 
master sampling clock signal on line 60, counts in incre- eludes an analog-to-digital converter 160 that digitizes 
ments of 1 from 0 to 909, corresponding to the 14.32 the left and right channeb of the stereo audio signal on 
MHz sampling rate across one horizontal line of video. line 28, an encryptor 162 that encrypts the digitized 
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stereo audio signal, a burst fonnatter 164 that bursts out 
the digitized stereo audio signal at a higher data rate to 
allow additional data to be appended to the digitized . 
audio signal, an error correction encoder .166 that en- 
codes the digitizai stereo audio signal for error correc- 5 
tion, a randomiz^l68 that ensures a random bit stream 
for modulation, and a staggered quadrature partial re- 
sponse (SQPR).m6duiator 170 that modulates the digi- 
tized stereo , audio signal with the three-level, partial 
response waveform and then digitally up-converts the 10 
modulated audio signal to a 6.6 MHz quadrature subcar- 
rier frequency for satellite transmission. 

More specifically, the analog-to-digital converter 160 
digitizes Uie left and right channels of the stereo audio 
signal on line 28 at a samplmg rate of 78.67 KHz. The 15 
78.67 KHz sampling rate is locked to the video signal 
and is 5.0 times the video horizontal line rate of 15.734 
KHz. Therefore, five samples of digitized stereo audio 
are generated for each channel during every horizontal 
Krie of video. The output of the analog-to-digitai con- 20 
verier 160 is a serial bit stream of left and right digitized 
audio samples, on line 172. 

The serial bit stream of left and right digitized audio 
samples on line 172 is then encrypted in the encryptor 
162. In the presently preferred embodiment of the in- 25 
vention, the bit stream is encrypted m the encryptor 162 
by adding each bit of each audio sample to the pseudo- 
random number generator seed value on line 54. The 
output of the encryptor 162, a parallel bit stream of left 
and right encrypted audio samples, is then output to the 30 
burst formatter 164. The burst formatter 164 converts 
the parallel bit stream of left and right encrypted audio 
samples to a serial bit stream and bursts out ^e serial bit . 
stream, five samples at a time, at a 1.652 MHz bit rate to 
allow for the later insertion of a 30 bit data channel 35 

The serial bit stream of encrypted audio samples is 
encoded for error correction in the error correction 
encoder 166 by appending 15 parity bits to every five 
audio samples. The output of the error correction en- 
coder 166 is a 75-bit serial bit stream of encrypted and 40 
error-encoded audio samples.. A 30-bit data channel, on 
line 174, is then multiplexed in with the serial bit stream 
of encrypted audio samples by a multiplexer 176. The 
30-bit data channel, at a data rate of 472 KHz, can be 
used to transmit additional digital information; The 45 
output of the multiplexer 176 is a continuous: 105-bit 
serial stream of data and encrypted and error-^cbded 
audio samples at a bit rate of 1.652 MHz. 

The serial bit stream of data and encrypted and error- 
encoded audio samples is randomized by the random- 50 
izer 138 prior to modulation to ensure that the modula- 
tion is performed on a time- varying bit stream. In the 
presently preferred embodiment of the invention, the 
serial bit stream is randomized by applying each bit of 
each: audio sample to an exclusivc-OR gate with the 55 
random bit stream from the pseudorandom number 
generator 40. 

The output of . the randomizer 168, a random serial bit 
Stream of data and encrypted and error-encoded audio = 
samples, on Hne 178, is applied to the staggered quadra- 60 
ture partial response (SQPR) modulator 170. As shown 
in detail m FIG, 9, the SQPR modulator 170 includes, in 
parallel, a pair of jflip-fiops 180, 182 that convert the 
serial bit stream of data and audio samples on line 178 
into parallel tn-phase (I) and staggered quadrature- 63 
phase (Q) symbol streams and a pair of serial-to-parallel 
shift registers 184^ 186 that store and output the last 
eight symbol values of the I and Q symbol streams. The 



SQPR modulator 170 also includes, in parallel, a pair of 
read-only^emories (ROMs) 188, 190 that output 
stored 3-level, partial response waveforms according to 
the input values of the I and Q symbol streams, a multi- 
plexer 15^ that combines the partial response wave- 
forms, and a complementor 194 that digitaUy up-con- 
verts, the combined partial response waveforms to a 
subcarrier frequency. 

More specifically, the pair of fiip-flops 180, 182 con- 
vert the serial bit stream of data and encrypted and 
error-encoded audio samples on line 178, at a bit rate of 
1.652 MHz, into parallel in-phase (I) and staggered 
quadrature-phase (Q) symbol streams at a symbol rate of 
l/r,-825 KHz, or half the incoming bit rate of i:652 
MHz. As illustrated in FIG. lOA. each bit is converted 
into a symbol having twice the time duration of the bit. 
The quadrature-phase (Q) symbol stream is offset or 
staggered by half a symbol in relation to the m-phase (I) 
symbol stream by delaying the quadrature-phase (Q) 
symbol stream for one bit, or 90 degrees. Staggering the 
I and Q symbol streams prevents phase transitions ftom 
occurring simultaneously in the two symbol , streams, 
thus reducing the mnTimnm phase transition from 1 80 to 
90 degrees and substantially reducing the amplitude 
variations in the envelope of the modulated , signal. 

Converting the bit stream of . audio samples on line 
178 into a pair of staggered symbol streams is achieved 
by clocking the flip-flop 180 with a 825 KHz clock 
signal, on line 196, and the flip-flop 182 with a 825 KHz 
clock signal, on line 198. The 825 KHz clock signal on 
line 198 is 180 degrees out of phase with the 825 KHz 
clock signal on line 196, thus providing the stagger 
between the two symbol streams. The fiip-fiops 180, 182 
also provide a type of differential encoding of the serial 
bit stream on line 178. The flip-flops 180, 182 toggle or 
change state if the input is a one and do not toggle or 
change state if the input is a zero. FIO. lOB illustrates 
the effect of this differential encoding on the symbol 
streams shown in FIG. lOA. Each of the differentially- 
encoded symbols has a state opposite that of the imme- 
diately preceding differentially-encoded symbol when 
the symbol to be encoded is a one, while each of the 
differentially-encoded symbols has a state equal that of 
the immediately preceding differentially-encoded sym- 
bol when the symbol to be encoded is a zero. In FIG. : 
lOB, the immediately preceding differentially-encoded 
symbol for each of the symbols 1 and 2. was arbitrarily 
chosen as a one. 

The serial-to-parallel shift registers 184, 186 store and 
output the last eight symbol values of the I and Q sym-: 
bol streams. These eight symbol values represent the 
most significant eight bits of a ten bit address for each of 
the ROMs 188, 190. Four eight-bit amplitudes of the 
3-levcl, partial response waveforms are stored in the 
ROMs 188, ISM) for each of the possible 256 combina- 
tions of the eight symbols. The four amplitudes corre- 
spond to points on the partial response waveforms at 
every 90 degrees, or at Ty4 seconds. Two bit counters 
200, 202, driven by a clock signal at 4/Tj Hz, or 3.3 
MHz, generate the least significant two bits. The four 
eight-bit amplitudes of the 3-level, partial response 
waveforms are computed for each of the possible 256 
eight-symbol combinations of ones and zeroes. The 
computation of the partial-response waveform ampU- 
tudcs is described in greater detail - in the above- 
referenced parent application of the present application 
oitided 'Transmission and Reception of Television 
Broadcasts in High-Fidelity Stereo Audio." 
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The four-sample paitial response waveforms are out- 
pat by the ROMs 188, 190 at a sampling rate of 3.3 MHz 
and di^tally up-converted to a 6.6 MHZ quadrature 
subcarrier, for satellite transmission, by multiplexing 
and complementing the partial response waveforms. 5 
The outputs of the ROMs 188, 190 are first latched into 
latches 204, 206, respectively. Each of the latches 204^ 
206 operates at 13.2 MHz and, therefore, outputs four 
eight-bit samples for each incoming eight-bit sample of 
the partial re^onse waveform. These samples are then 10 
multiplexed in the multiplexer 192 to form, on line 208, 
a digital stream of alternating eight-bit samples of in- 
phase (I) and quadrature-phase (Q) partial response 
waveforms at 26.4 MHz. The digital stream on line 208 
is then complemented in the complementer 194 at 13.2 IS 
MHz to digitally up-convert the digital stream to the 6.6 
MHz quadrature subcarrier frequency, which is output 
on line 210. The output of the complementor 94 on Une 
210 is converted into an analog signal by a digital-to- 
analog converter 212. The digital-to-analog converter 20 
212 operates at four times the subcarrier frequency of 
6.6 MHz, or 26.4 MHz. 

The output of the digital-to-analog converter 212 is a 
6.6 MHz modulated stereo audio signal, on line 214. As 
shown in FIG. 1, the modulated stereo audio signal on 25 
line 214 is then summed with the line-spin scrambled 
video signal on line 51 and the encrypted transform 
identifier and seed value on line . 55 at the summer 56. 
Because of the approximate 50% reduction in band- 
width provided by the 3-level, partial response modula- 30 
tion when compared with conventional pulse code 
modulation utilizing 2-level coded pulses, the 6.6 MHz 
modulated stereo audio signal can be easily inserted, 
with minimum interference, between the conventional 
satellite audio channels at 5.8 and 7.6 MHz, as shown in 35 
FIG. 11 

Ground-Based Transmission System 

In another presently preferred embodiment of the 
invention for implementation in ground-based transmis- 40 
sion systems, such as over-the-air or cable transmission 
systems, the audio encoding steps are essentially the 
same as those employed in the satellite-based transmis- 
sion system, with one major exception. Rather than 
transmitting the two channels of stereo audio continu- 45 
ously over a separate subcarrier frequency, the 5ve 
modulated left and right audio samples are multiplexed 
into the video signal during the video horizontal blank- 
ing interval. This is necessary because ground-based 
transmission systems are generally limited to the con- 50 
vention^ NTSC 4.5 MHz bandwidth. The 3-level, par- 
tial response modulation allows the modulated audio 
samples , to be burst out during the horizontal blanking 
interval, within the 4.2 MHz video bandwidth, without 
compression or reduction of the sampling rate of the 55 
stereo audio signal, and without interference with the 
NTSC audio channel at 4.5 MHz. 

TELEVISION SIGNAL DECODING SYSTEM 

FIG. 12 illustrates a television signal decoding appap 60 
ratus 220 in accordance with a presently preferred em- 
bodiment of the invention. The television signal decod- 
ing apparatus 220 includes a video decoder 222 that 
applies line tilt compensation to a line-spin scrambled 
video signal, on line 224, and then unscrambles the 65 
compensated scrambled video signal and an audio de- 
coder 226 that demodulates and decrypts an audio sig- 
nal modulated with a three-level, partial response wave- 



form, on line 228. An audio/video separator 30* sepa- 
rates the audio and video components of the television 
signaL 

VIDEO DECODER 

The video encoder 222 includes an analog-to-digital 
converter 32', a line tilt compensation circuit 230, a 
random access memory 34', a line spin transform de- 
coder 232, an inverter 38', a pseudorandom number 
generator 40' and a digital timing signal generator 42'. 
The Ime-spin scrambled video signal on line 224, which 
includes a color burst signal and horizontal and vertical 
synchronization signals, is digitized by the analog-to- 
digital converter 32' at a sampling rate of 14.32 MHz. 
Line tilt compensation is thai applied to the digitized 
scrambled video signal, on line 234, in a line tilt com- 
pensation circuit 230. The compensated scrambled 
video signal is stored, one horizontal line of scrambled 
video at a time, in the random access memory. 34'. The 
stored samples of each video line are read from the 
random access memory 34' in a sequence and inverted 
m the inverter 38' according to the particular reverse, 
mverse and line, spin scrambling transforms that were 
appHed to the video line in the video encoder 22. The 
pseudorandom number generator 40' provides the same 
line spin scrambling breakpoint that was applied to the 
video line in the video encoder 22. TTie Ime spin trans- 
form decoder 232 controls the application of the un- 
scrambling, reverse and inverse transforms by the mem- 
ory 34' and the inverter 38'. 

The unscrambled video signal output by the inverter 
38' is converted into an analog video signal, on line 236, 
by a digital-to-analog converter 50*, The digital timing 
signal generator 42' synchronizes the sampling rate of 
the analog-to-digital converter 32' with the color burst 
signal in the digitized scrambled video signal, on line 
234. The digital timing signal generator 42' also gener- 
ates, as in the video encoder 22, a horizontal sample 
count signal on line lU', a reference horizontal synch 
signal on line 116', a vertical sample count signal on line 
120' and a reference vertical synch signal on line 124'. 

If a video line or video line segment was reversed in 
the video encoder 22, the video line is decoded in the 
video decoder 222 by again applying the reverse trans- 
form to the video line or segment This second reverse 
transform is applied, as in the video encoder 22, by 
reading the reversed video line or segment from the 
random access memory 34' in reverse order. If a video 
line was line-spin scrambled in the video encoder 22, the 
video signal is unscrambled in the video decoder 222 by 
again interchanging the order that the two scrambled 
segments are read from the memory 34'. If a video line 
or video line segment was inverted in the video encoder 
22, the video signal is decoded in the video decoder 222 
by again applying the inverse transform to the video 
line or segment in the inverter 38'. This second inverse 
transform is applied, as in the video encoder 22, by 
subtracting the amplitude of a stored sample from the 
sample's maximum amplitude of 100 IRE. 

Ilie line spin transform decoder 232 applies, the re- 
verse and imscrambling transforms to each video line or 
video line segment by sending the appropriate address 
information to the random access memory 34', on line 
238. The line spin transform decoder 232 applies the 
inverse transform to each video, line or video line seg- 
ment by engaging.the inverter 38' with an invert signal, 
on line 240. The line spin transform decoder 232 applies 
the particular transforms that are designated by the 
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transform idoitifier, which was encrypted and inserted 
into the horizontal blanking interval in the video en- 
code' 22. This transform identifier is removed from the 
horizontal blanking interval of the scrambled video 
signal on Une 234 and decrypted by decryptor 242. The S 
pseudorandom number generator seed value* which . - 
synchronizes the pseudorandom number generator 40' 
with the pseudorandom niunbcr generator 40 in the 
video encoder 22, is also removed from the horizontal 
blanking interval and decrypted in decryptor 242. 10 

The line spin transform decoder 232 appHes the un- 
scrambling transform to a scrambled video line as 
shown in FIG. 6. The line spin transform decoder 232 
first addresses the random access memory 34' with the 
sequence of integers from 0 and 160 in order to read the IS 
horizontal blanking interval from memory 34'. The line 
spin transform decoder 232 then addresses memory 34' 
with the sequence of integers from the sample count of 
909+160 minus the spin breakpoint to the sample count 
of 909* This portion of the scrambled video line is seg- 20 
ment 104. The line spin transform decoder 232 then 
addresses memory 34' with the sequence of integers 
from the sample count of 160 to the sample count of 
909 + 160 minus the spin breakpoint This portion of the 
scrambled video line is. segment 102. 25 

Line Tilt Compensation 

In accordance with a presently preferred embodi- 
ment of the invention, the line tilt compensation circuit 
230 applies line tilt compensation to the line-spin scram- 30 
bled video signal on line 234 by measuring the ampli- 
tude of the line tilt present in the scrambled video si^ial 
and then summing a complementary ramp based on the 
measured amplitude with each line of the scrambled 
video signal prior to unscrambling. The amplitude of 33 
the line tilt is measured by inserting a dummy video line 
having a constant-amplitude active portion, , preferably 
in the gray region of the luminance scale, into the video 
signal at the video encoder 22. Then, after transmission, 
a measurement is made of the difference in the ampli- 40 
tude at the beginning and the amplitude at the end of the 
active portion of the dummy video line. This line tilt: 
compensation is described in detail in the parent appli- 
cation of the present application entitled "Line Tilt 
Compensation Method and Apparatus," Ser. No. 45 
773,488, filed on Sept. 9, 1985, which is attached as 
Appendix D to this application and is incorporated 
herein by reference. ~ 

FIGS. 13A through 13F illustrate the voltage-time 
graphs of a video line before and after line spin scram- 50 
bling and after transmission, line tilt compensation and 
unscrambling. FIG. .13A illustrates a video line 250 
having a constant^implitude active portion 252, the 
active portion being the segment between points A and 
D. Also shown is a horizontal blanking interval 254, 55 
which includes ah eight-cycle color burst 256 aiid a 
horizontal synchronization signal 258. FIG. 13B illus- 
trates the video line 250 after line-spin scrambling about 
a spin breakpoint 260. The line-spin scrambled video 
line is then transmitted, which corrupts the active por- 60 
tion of the scrambled video line with hue tilt, as shown 
in FIG. 13C. If the corrupted video line is unscrambled 
without compensation for line tilt, a video line having a 
luminance discontinuity 262 results, as shown in FIG. 
13D. Because of the random nature of the discontinuity 65 
across the active portion of each video line, the result is 
a chaotic hMhrng of luminance striations in the received 
picture. However, if line tilt compensation is applied in 



the line tilt compensation circuit 230, a video line as 
shown in FIG. 13E results. After unscrambling, the 
original video line is reproduced, as shown in FIG.-13F. 

FIG. 14 illustrates a detailed diagram of the Ime tilt 
compensation circuit 230, including, in series, a dummy 
video line selector 260, a line tilt ampUtude detector 
262, a low-pass filter 264, and a ramp generator 266. 
The dummy video Line selector 260 selects the dummy 
video line from the scrambled digitized video signal on 
line 234 for measurement The line tilt amplitude detec- 
tor 262 measures the amplitude of the line tilt and the 
low-pass filter 264 filters any noise from the measure- 
ment The ramp generator 266 generates a linear com- 
plementary ramp, based on the -measured amplitude, 
which is : summed with the digitized scrambled video 
line on line 234 at a summer 268. 

The line tilt amplitude detector 262 measures the 
amplitude of the line tilt by accumulating the differ- 
ences in amplitude between adjacent points sampled 
across the active portion of the dummy video line. 
These amplitude dLFTerentials are measured in a differ- 
encing circuit 270, which mcludes a flip flop 272 and a 
summer 274. The flip flop 272 outputs a one clock-pulse 
delayed amplitude sample of the dummy video line, 
which is summed with a negative of the present ampli- 
tude sample of the dummy video line at the summer 274. 
The flip flop 272 is clocked by a. ramp clock signal, on 
line 276, which in the presendy preferred embodiment, 
is a clock signal having 44 pulses across the active por- 
tion of the dummy video line. Therefore, 44 amplitude 
differentials are computed for each dummy video line. 

The 44 amplitude differentials output by the differ- 
encing circuit 270 are accumulated, or integrated, in an 
accumulator 278. The accimaulator 278 includes a fHp 
Clop 280, which is also clocked by the ramp clock signal 
on line 276. The accumulation is performed by summmg 
the output of the flip flop 280 at a summer 282 with the 
amplitude differential output by the differencing circuit 
270. After the 44 amplitude differentials have been 
summed, the output of the accumulator 278 provides 
the measured value of the line tilt ampUtude (R). A 
be^ dummy line signal, on line 284, clears the accumu- : 
lator 278 when a new dummy video line is selected. 

The line tilt amplitude (R) measurement output by 
the accumulator 278 is scaled in a scale circuit 286 by 
the negative of the number of samples used to measure 
the line tilt amplitude. This scalmg produces a negative 
line tilt amplitude slope, which is latched into a flip flop 
288 by an end dummy line signal, on line 290, and then 
filtered with the low-pass filter 264. The line tilt ampli- 
tude slope output by the low-pass filter 264 is applied to 
the ramp generator 266 to generate the linear comple- 
mentary ramp. The ramp generator includes a flip flop 
292, which is also clocked by the ramp clock signal on 
line 276, and a summer 294. The ramp g^erator 66 is 
identical in function to the accumulator 278 and gener- 
ates the complemoit of the filtered output of the accu- 
mulator 278. The linear complementary ramp is then 
summed, sample by sample, with the corresponding 
sample of the digitized scrambled video signal at the 
summer 268. The flip flop 292 is cleared by a horizontal 
blanking interval signal, on line 296, so that the ramp is 
summed only with the active portion of the line-spin 
scrambled video signal 

The dummy video line can be removed from the 
line-spin scrambled video signal and replaced with the 
previous video line for display on a television monitor. 
However, this is; not necessary since the dummy video 
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line can be transmitted at the bottom of each video field The half amplitude threshold detector 326 has a thresh- 

and, therefore* would not be vkible on a television old set at ± i of the peak on-symbol amplitude. The 

monitor. The operation of the line tilt compensation threshold detector 326 outputs a one if the on-symbol 

circuit 230 is described in greater detail -in the above- audio sample has an amplitude that exceeds the plus or 

referenced parent application of the present application 5 minus threshold and outpiits a zero if the on-symbol 

entitled "line Tilt Compensation Method and Appara- audio sample has an amplitude that does not exceed the 

tus." threshold. Tlie ou^ut of the threshold detector 326 is 

ATTT^Tjn. nici^T^cv invertcd by the inverter 328, The output of the 

AUDIO DECODER inverter 328, on line 330. is the original random serial bit 

The audio decoder 226 demodulates and decrypts the 10 stream of data and encrypted and error-encoded audio 
partial-response modulated audio signal on line 228. In samples. The output of the inverter 328 on line 330 is 
the presently preferred embodiment of the invaition, ^pUed to the randomizer 302, as shown in FIG. 15. 
the audio signal is a modulated stereo audio signal This The original serial bit stream of audio samples is re- 
demodulation and decryption of the modulated stereo covered £rom the on-symbol I and Q audio samples, 
audio signal is described in detail in the above- 15 with only a simple threshold detector, because of the 
referenced parent application of the present application nature of the differential encoding applied to the symbol 
entitled 'Transmission and Reception of Television stream by the flip-flops 180, 182 and the partial response 
Broadcasts in High-Fidelity Stereo Audio." modulation. It wiH be recalled that the flip-flops 180, 

As illustrated in FIG. 15, the audio decoder 226 in- 182 toggle or change state if their input is a one and do 

eludes, in series, a staggered quadrature partial response 20 not toggle or change state if their 'mp\xt is a zero. The 

(SQPR) demodulator 300 that digitize and demodu- nature of the partial response modulation is that if a 

lates the partial-response modixlated stereo audio dgnal state change does occur between two symbols, the am- 

on line 228, a randomizer 302 that removes the random- plitude of the on-symbol audio sample will be approxi- 

ization applied to the stereo audio signal by the random- mately zero. Ther^ore, when the threshold is not ex- 

izer 168 in the audio encoder 26, a serial-to-parallel 25 ceeded, a symbol having a value of one was transmitted, 

converter 304 that removes the 30 bit data channel from If a state change does not occur between two symbols, 

the stereo audio signal, and an error correction decoder the amplitude of the on-symbol audio sample will ex- 

306 that corrects errors introduced into the error- ceed the half amplitude threshold. Therefore, when the 

encoded audio signal during transmission and reception. threshold is exceeded, a symbol having a value of zero 

The audio decoder 226 also includes, in series, a burst 30 was transmitted. After inversion, these are the original 

deformatter 308 that removes the burst format applied symbol values. 

to the stereo audio signal by the burst formatter 164 in For ground-based transmission systems, in which the 

the audio encoder 26, a decryptor 310 that decrypts the modulated stereo audio signal is inserted into the hori- 

encrypted audio signal using the same pseudorandom zontal blanking interval, the 3-Ievel, partial response 

number generator seed value on line 54' as used by the 35 modulation provides a means for reconstructing the 

encryptor 162, a parallel-to-serial converter 312 that video horizontal synchronization signal and the video 

separates the left and right channels of the stereo audio color burst signal. These signals are destroyed when the 

signal, and a pair of digital-to-analog converters 314, modulated stereo audio signal is burst out during the 

316 that convert the digitized stereo audio signals into horizontal blanking interval. If the modulated audio 

analog signals for output to a pair of speakers. 40 signal is burst out at a rate that is a harmonic of the color 

The SQPR demodulator 300, illustrated in detail in burst frequency (3.58 MHz), such as 7.16 MHz, the 

FIG. 16, includes a 6:6 MHz bandpass filter 318 and an on-symbol clock generator 324 can recover the original 

analog-to-digital converter 320. The bandpass filter 318 7.16 MHz clock signal This allows the color burst 

removes the conventional stereo audio channels from signal and the horizontal synchronization signal to be 

the audio signal on line 228. The analog-to-digital con- 45 easily derived The generation of the on-symbol clock 

verter 320, operating at 26.4 MHz, digitizes the three- signal and the various other timing signals employed in 

level, partial-response modulated stereo audio signal. the audio decoder 226 are described in greater detail in 

The stereo audio data is recovered through an RF sam- the above-referenced parent application of the present 

pling of the digitized stereo audio signal output by the application entitied "Transmission and Reception of 

analdg-to-digital converter 320. RF sampling is a data 50 Television Biroadcasts in High-Fidelity Stereo Audio." 

recovery method by which the audio data can recov- From the foregoing, it will be appreciated that the 

ered directiy from the 6.6 MHz quadrature subcarrier present invention provides greatiy improved transmis- 

frequency signal, without first down-converting the sion and reception characteristics for a line-spin scram- 

audio si^ial from the subcarrier frequency. The stereo bled video signal and a digitally-encrypted audio signal, 

audio data is recovered with a latch 322, an on-symbol 55 Although several preferred embodiments of the inven- 

clock generator 324 that clocks the latch 322, a half tion have been shown and described in particular detail, 

amplitude thresliold detector 326 and an inverter 328. including, for example, specific frequencies, data rates, 

The on-symbol clock signal generated by the on-sym- threshold values and quantization levels, it is to be un- 

bol clock generator 324 is a 1.6 MHz clock signal hav- derstood that these particular values are merely pres- 

ing every other clock pulse delayed by 1/26.4 MHz. 60 ented by way of example and should not limit the scope 

Clocking the latch 322 with this clock signal causes the of the invention. It will also be apparent that other 

latch 322 to output the on-symbol I and Q audio samples adaptations and modifications can be made without 

from the digitized stereo audio signal output by the departing from the spirit and scope of the invention, 

analog-to-digital converter 320. The on-symbol I and Q ' Accordingly, the invention is not to be limited, except 

audio samples contain the original stereo audio informa- 65 as by the following claims, 

tion. The original stereo audio information is recovered We claim: 

from the on-symbol I and Q audio samples by the half 1. A television signal encoding apparatus, compris- 

amplitudc threshold detector 326 and the inverter 328. ing: • 
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a video encoder for generating a line-spin scrambled 
video signal having minimized amplitude gaps, a 
line-spin scrambled video signal being generated by 
dividing the active portion of each line of a video 
signal into at least two segments and then inter- ^ 
changing the segments, an amplitude g^ being 
fonned between each of the interchanged seg- 
ments, the video encoder including: 
an analog-to-digital converter, for digitizing a video 
signal; and 

means for selectively applying a line spin scram- 
bling transform to each line of the digitized • 
video ^gnal, the line spin scrambling transform 
being applied to a line, of the:digitized video 
signal only if the amplitude gap between each of 
the interchanged segments is less than or equal to 
a preselected value, the preselected value bemg 
less than 100 IRE units; and 
an audio encoder for generating a digitally-encrypted 
audio signal capable of being transmitted within the 
bandwidth limitations of a conventional television 
transmission system, the audio encoder including: 
an analog-to-digital converter for digitizing an 

audio signal; ^ 
means for encrypting the digitized audio signal; 
and 

a three-level, partial response modulator for modu- 
lating the encrypted audio signal with a three- 
level, partial response waveform. 

2. The television signal encoding apparatus as set 
forth in claim 1, wherein the means for selectively ap- 
plying a line spin transform further includes: 

means for selectively applying a line spin scrambling 
transform to each line of the digitized video signal 3 ^ 
and a reverse transform to a segment of the scram- 
bled video line, the line . spin scrambling and re- 
verse transforms being applied to a line of the digi- 
tized video signal only if the amplitude gap be- 
tween each of the interchanged and reversed seg- 4Q 
ments is less than or equal to the preselected value; 

means for selectively applying a line spin scrambling 
transform to each line of the digitized video signal, 
an inverse transform to a segment of the scrambled 
video line, and a reverse transform to another seg- 43 
mcnt of the scrambled video line, the line spin 
scrambling, reverse and inverse transforms being 
applied to a line of the digitized video signal only if 
the amplitude gap between each of the inter- 
changed, reversed and inverted segments is less 50 
than or equal to the preselected value; and 

means for selectively applying a reverse transform to 
each line of the digitized , video signal that has not 
been line spin scrambled. 

3. The television signal encoding apparatus as set 55 
forth in claim 1, wherein the means for selectively ap- 
plying a line spin scrambling transform iiuther includes: 

means for selectively applying a line spin scrambling 
transform to each line of the digitized video signal 
and an inverse transform to a segment of the line- 60 
spin scrambled video line, the line spin scrambhng 
and inverse transforms being applied to a line of the 
digitized video signal only if the amplitude gap 
between each of the interchanged and . inverted 
segments is less than or equal to the preselected 65 
value. 

4. The television signal encoding apparatus as set 
forth in claim 1, wherein the audio encoder includes: 



a pair of analog-to-digital converters for digitizing 
the left and right chaTinels of a stereo audio signal; 

means for multiplexing the left and right digitized . 
stereo audio ^mples to form a serial bit stream of 
stereo audio samples; 

means for encrypting the serial bit stream of stereo 
audio sample^ and 

a three-level, partial response modulator for modulat- 
ing the serial bit stream of encrypted stereo audio 
samples with a three-level, partial response wave- 
form. 

5. The television signal encodintg ^paratus as set 
forth in claim wherein the video encoder further in- 
cludes means for accurately synchronizing digital tim- 
ing signals with the digitized video signal, the synchro- 
nizing means including: 

means for generating a controllable master sampling 
. clock signal; 

mecuis= for generating a color-buist-frequency signal 
&om the master sampling clock signal, the generat- 
ing means including a counter driven by the master 
sampling clock signal; 

a phase error detector for measuring the phase error 
between the color-burst-frequency signal and a 
color burst signal in.the digitized video signal; and 

means for controlling , the frequency of the master 
sampling clock signal with the measured phase 
error; 

wherein the video signal is digitized at a sampling rate 
controlled by the master sampling clock signal, 
ther^y syndironizing the .master sampling clock 
signal with the video color burst signal. 

6. The television signal encoding apparatus as set 
forth in claim 5. wherein the synchronizing means fur- 
ther includes: 

a horizontal synch signal separator for separating a 
horizontal synch signal from the digitized video 
signal; 

means for generating a reference horizontal synch 
signal; 

a phase error detector for measuring the phase error 
between the video horizontal synch si^ial and the 
reference horizontal synch signal; and : 

a horizontal counter clocked by the master sampling 
clock signal, the horizontal counter being loaded 
with the phase error: measured between the hori- 
zontal synch signals, thereby synchronizing the 
horizontal counter with the video horizontal synch 
signal. 

7. The television signal encoding apparatus as set 
forth in claim 6, wherein the means for generating a 
reference horizontal synch signal includes: 

memory means programmed with a horizontal synch 
signal, the horizontal synch signal being read from 
the memory means when addressed by the horizon- 
tal counter, thereby generating a reference hori- 
zontal synch signal that is synchronized with the 
video horizontal synch signal. 

8. The television signal encoding apparatus as set 
forth in daim 6, wherein the phase error detector for 
measuring the phase error between the horizontal synch 
signals includes: 

means for measuring the number of sampling clock 
pulses between the video horizontal synch signal 
and the reference horizontal synch. signal. 

9. The television signal encoding apparatus as set 
forth in claim 6, wherein the synchronizing means fur- 
ther includes: 
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a vertical synch signal sqiarator for separating a ver- 
tical synch signal from the digitized video signal; 

means for generating a reference vertical synch sig- - 
nal; and 

a vertical counter, the vertical counter being loaded. S 
with the line number of the horizontal video line 
having the video vertical synch signal, thereby 
synchronizing the vertical counter with the video 
vertical synch signal. 
10. The television signal encoding apparatus as set tO 
forth in claim 9, wherein the means for generating a 
reference vertical synch signal includes: 
memory means programmed with a vertical synch 
signal, the vertical synch signal being read from the 
memory meai^ when addressed by the vertical 15 
counter, thereby generating a reference vertical 
synch signal that is synchronized with the video 
vertical synch signal. 
IL The television encoding apparatus as set forth in 
claim 9, wherein the vertical counter is clocked at the 20 
rate that the horizontal counter is loaded with the phase 
error measured between the horizontal synch signals. 

12. The television signal encoding apparatus as set 
forth in claim 4, wherein the means for encrypting the 
serial bit stream of audio samples further includes: 2S 

means for bursting out the serial bit stream of en- 
crypted stereo audio samples at a higher data rate 
to allow for the insertion of other data into the 
serial bit stream; 

means for encoding the serial bit stream of encrypted 30 
stereo audio samples for error correction; and 

means for randomizing the serial bit stream of en- 
crypted stereo audio samples, the randomizing 
means including means for multiplying the serial 
bit stream by a pseudorandom bit stream. 35 

13. The television signal encoding apparatus as set 
forth in claim 4, wherein the means for encrypting the 
serial bit stream of audio samples includes: 

means for adding each bit of every stereo audio sam- 
ple to a pseudorandom number generator seed 40 
value. 

14. The television signal encoding apparatus as set 
forth , in claim 4, wherein the modulator includes: 

memory means for storing amplitude samples from a 
plurality of three-level, partial response wave- 45 
forms, the memory means being addressed by a 
phirality of bits from the serial bit stream. 

15. The television signal encoding apparatus as set 
forth in claim 14, wherein the means for encrypting the 
serial bit stream of stereo audio samples further in- 50 
eludes: 

means for differentially encoding each bit in the serial 
bit stream with a state opposite that of the immedi- 
ately preceding differendally-cncodcd bit when the 
bit is a one and with a state equal that of the imme- 55 
diately preceding differentially-encoded bit when 
the bit is a zero. 

16. The television signal encoding apparatus as set 
forth in. claim 4, wherein the modulator includes: 

a pair of flip-flops for converting the serial bit stream 60 
of encrypted stereo audio samples into parallel 
in^phase and staggered quadrature-phase symbol 
streams and for differentially encoding each sym- 
bol in each of the in-phase and staggered quadra- 
ture-phase symbol streams with a state opposite 65 
th^ of the immediately preceding differentially- 
encoded symbol when the symbol is a one and with 
a state equal that of the immediately preceding 



differentially-encoded symbol when the symbol is a 
zero; 

memory means for storing amplitude samples from a 
plurality of three-level, partial response wave- 
forms, the memory means being addressed by a 
plurality of symbols from the m-phase and the 
staggered quadrature-phase symbol streams; and 

means for multiplexing the in-phase and staggered 
quadrature-phase partial response amplitude sam- 
ples. 

17. The television signal encoding apparatus as set 
forth in claim 4, wherein the modulator further in- 
cludes: 

means for up-converting the modulated istereo audio 
signal to a video subcarrier frequency. 

18. The television signal encoding apparatus as set 
forth in claim 17, wherein the means for up-converting 
includes: 

means for digitally complementing the modulated 
stereo audio signal 

19. The television signal encoding apparatus as set 
forth in claim 4, wherein the modulator further in- 
cludes: 

means for multiplenng the modulated stereo audio 
signal into the horizontal blanking interval of the 
video signal. 

20. A method for encoding a television signal, com- 
prising the steps of: 

generating a line-spin scrambled video signal having 
minimized amplitude gaps, a line-spin scrambled 
video signal being generated by dividing the active 
portion of each line of a video signal into at least 
two segments and then interchanging the segments, 
an amplitude gap being formed between each of the 
interchanged segments, the step of generating in- 
cluding the steps of: 
digitizing a video signal; and 
selectively applying a line spin scrambling trans- 
form to each line of the digitized video signal, 
the line spin scrambling transform being applied 
to a line of the digitized video signal only 'i the 
amplitude gap between each of the interchanged 
segments is less than or equal to a preselected 
value, the preselected value being less than 100 
IRE units; and 
generating a digitally encrypted audio signal capable 
of being transmitted within the bandwidth limita- 
tions of a conventional television transmission sys- 
tem, the step of generating including the steps of: 
digitizing an audio signal; 
encrypting the digitized audio signal; and 
modulating the encrypted audio signal with a 
three-level, partial response waveform. 

21. The encoding method as set forth in claim 20, 
wherein the step of selectively applying a hne spin 
scrambhng transform further includes the step of: 

selectively applying a reverse transform to each line 
of the digitized video signal that has not been line 
spin scrambled, the reverse transform being applied 
to a line of the digitized video signal only if the 
previoiB line was not reversed. 

22. The encoding method as set forth in claim 20, 
wherein the step of selectively applying a line spin 
scrambling transform further includes the st^ of; 

selectively applying a line spin scrambling transform 
to each line of the digitized video signal and a 
reverse transform to a segment of the scrambled 
video line, the line spin scrambling and reverse 
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transforms being applied to a line of the digitized controlling the frequency of the master sampling 

video signal only if the amplitude gap between clock signal with the measured phase error; 

each of the interchanged and reversed segments is . wherein the video signal is digitized at a sampling rate . 

less than or equal to the preselected value, and if' controlled by the master sampling clock signal, 

the amplitude at the beginning and the amplitude at 5 thereby synchronizing the master sampling clock 

the end of the acdve portion of the video line prior signal with the video color burst signal 

to line spin scrambling are both greater than or less 28. The encoding method as set forth in claim 27, 

than a reference vahie» and if the video line has not wherein the step of synchronizing further includes the 

previously been line spin scrambled. g^eps of: 

23. The encoding method as set forth m claim 22, 10 separating, a horizontal synch signal from the digi- 
wherein the step of selectively applying a Hne spin y^^^^ 

scrambling transform further includes the step of: generating a reference, horizontal synch signal; 

selectively applying a line spin scramblmg transform measuring the phase error betw^ the video hori- 

to each Ime of the digitized video signal, an mverse ^^^^ reference horizontal 

transform to a segment of the scrambled video Ime, 15 synch sienal* and 

and a r^enp transfonn to another sepnent of the j ^ ^ hoiiiontal counter clocked by the master 

scrambled video the toe spm scrambhng. reva^ ^ ^ 

sur^ between . ST horizontal synch signals, 

video a^.onlyf the «npUtude gap synchronizing the horizontaloounter^ 

between each of the mterchanged, reversed and 20 . f , J , u i 
inverted segments is less than or equal to the prese. 

lectedvdu^andif the videolincSsnotpre^^ ^' The encodmg method as set forth m clami 28 

been line spin scrambled. ^^^^^ «**=P generatmg a reference honzonta^ 

24. The encoding method as set forth m claim 23, synch dgnal includes the step of r^g a horizontal 
wherein the step of selectively applying a line spin 25 synch signal from memory when addressed by ttie hon- 
swambling transform further includes the step of: ^ontal counter, thereby generatmg a reference horizon- 

selectively applymg a reverse transform to each line tal synch signal that is synchronized with the video 

of the digitized video signal that has not been Hne horizontal synch signal. 

spin scrambled, the reverse transform being applied 30. The encoding method as set forth m claim 28, 

to a Ime of the digitized video signal only if the 30 wherein the step of measuring the phase error between 

previous line was not reversed. the horizontal synch signals includes the step of measur- 

25. The encoding method as set forth in claim 20, ing the number of sampling clock pulses between the 
wherein the step of selectively applying . a line spin . video horizontal synch signal and the reference hori- 
scrambling transform includes the steps of: zontal synch signal. 

applying a line spin scrambling transform to each line 35 31. The encoding method as set forth m claim 28, 

of the digitized video signal; and wherein the step of synchronizing further includes the 

selectively applying an invene transform, to a seg- steps of: 

ment of each line-spin scrambled video line, the separating a vertical synch signal from the digitized 

inverse transform being appUed to a line-spin : video signal; 

scrambled video line only if the anq)]itude gap 40 generating a reference vertical synch signal; and 

between each of the interchanged and inverted loadinga vertical counter with the line number of the 

segments is less than or equal to 50 IRE units. horizontal video Unc having the vertical synch 

26. The encoding method as set . forth in claim 20, signal, thereby synchronizing the vertical counter 
wherein the step of generathig a digitally encrypted ^^h the video vertical synch signaL 

audio signal includes the steps of: 45 The encoding method as set forth in claim 31, 

dig|tizmg the left and right channels of a stereo audio wherein , the step of generating a reference vertical 

^Sn^ . , , ^ ^ . . ^. . . J , synch signal includes the step of: 

multiplexmg the left and nght digitized audio samples reading a vertical synch signal from memory when 

to fonn a serial bit: stream of stereo audio samples; addressed by the vertical counter, thereby generat- 

cncryptmg the serial bit stream of stereo audio sam- 50 ^ reference vertical synch signal that is syn- 

pies; and . , , ^ - *j * chronizcd with the video vertical synch signal, 

modulatmg the serial bit stream of encrypted stereo 33 ^^^^ ^ 3 

audio samples with a three-level, partial response of loading a vertical counter includes 

waveform to form a modulated stereo audio signal. T ' r 1 £• l~tr Ji ^^T *«l7fk- fi,-* 

27. The encodmg method as set forth in claiir20. 55 f ^ 

wherein the step of generating a line-spin scrambled ^^T'^I" 

video sigmd further includes the step of ^curately syn- horizontal synch signals. 

chronizkTdigital tuning signals with the digitized ^' ^hc encoding, method as set forth m claim 26, 

video signal, the step of synchronizmg including the step of encrypting the serial bit stream 

steps of: 60 uicludes the steps of: 

generating a controllable master sampling clock sig- bursting out the serial bit.strcam of encrypted stereo 

audio samples at a higher data rate to allow for the 

generating a color-burst-frequency signal from the. insertion of other data mto the serial bit stream; 

master samphhg clock signal by drivmg a counter encoding the serial bit stream of encrypted stereo 

with the master sampling clock signal; 65 audio samples for error correction; and 

measuring the phase error between the color-burst- randomizing the serial bit stream of encrypted stereo 

frequency signal and a color burst signal in the audio samples by multiplying the serial bit: stream 

digitized .video signal; and by a pseudorandom :bit stream. ' 
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35. The aicoding. method as set forth in claim 26, means for measuring the amplitude of the line tilt in 
wherein the step of encrypting the serial bit stream the digitized scrambled video signal; 
includes the step of: means for generating a complementary ramp based 

adding each bit of every stereo audio sample to a on the measured amplitude; and 

pseudorandom number generator seed value. S means for summing the complementary ramp with 

36. The encoding method as set forth in claim 26» each line ofthe digitized scrambled video signal; 
wheran the step of modulating the serial bit stream and 

includes the steps of: an audio decoder *hat recovers an audio signal modu- 

addressing memory locations with a plurality of bits lated with a three-level, partial response waveform, 

from the serial bit stream; and 10 the audio decoder including: 

reading from the memory locations* amplitude sam- an analog-to-digital converter for digitizing the 

pies from a plurality of three-level, partial response modulated audio signal; 

waveforms. a three-level, partial response demodulator for 

37. The encoding method as set forth in claim 36, recovering a serial bit stream of audio samples 
wherein the step of encrypting the serial bit stream 15 from the digitized audio agnal; and 

. includes the step of: means for decrypting the serial bit stream of audio 

. differentially encoding each bit in the serial bit stream samples. 

with a state opposite that of the immediately pre- 44 jhe television decoding apparatus as set forth in 

ceding differcntiaUy-encoded bit when the bit is a 43^ including means for applying an 

one and m^a state equal that of the 1^ 20 unscrambling transform to each line-spin scrambled line 

prccedmg diffcrentially-cncodcd bit when the bit is ^he compensated scrambled video signal, the means 

_.• .1. J X r • 1 * for applying an unscrambling transform including: 

38. The encodmg method as set forth m daim 26. ^ ^^^^ transform to each re- 
wherem tibe step of modulatmg the senal bit stream ^^^^^^ ^^^^ 
mcludes the steps of: 25 compensated scrambled video signal; and 

convertmg the senal bit stream of encrypt^ ster^ means for applying an mverse traiSform to each in- 

audio s^vles mto paraUel m-phase and staggered ^^^^^ vid^ se^ent or mverted video line of the 

quadrature-phase symbol streams; ^ . j -j 1 

addressing m^ory locations with a pluraUty of the ^J^^^^^"^- "^^^f "^^^^ ''^^ . r • 

symbol from thi in-phase and the staggered quad- 30 , tdevision decodmg apparatus as set forth m 

raturc-phase symbol streams; ^' ^^'YT measurmg the Ime tdt 

reading firom the memory locations amplitude sam- amplitude mcludes: 

pies from a pluraUty of three-level, partial response ^""IJ^^^F^^^ amphtude differential be- 

waveform^ and ^® portion of a dummy 

multiplexing the in-phase and staggered quadrature- 35 vid«) line transmitted with a constant-amplitude 

phase amphtude samples. portion. 

39 The encoding method as set forth m claim 38, , tdevision decodmg apparatus as set forth m 

wherein the step of converting the serial bit stream ^laim 45. wherem the means for measurmg the hne tilt 

includes the step of: an^)htude further mcludes: 

differentially encoding each symbol in each of the 40 means for replacing ^e dummy video line with a 

in-phase and staggered quadrature-phase symbol previous video hne for display of the unscrambled 

streams with a state opposite that of the immedi- video signal on a television momtor. 

ately preceding diffcrentiaily-encoded symbol 47. The television decoding apparatus as set forth m 

when the symbol is a one and with a state equal that claim 45. wherein the dummy video line is transmitted 

of the immediately preceding differentially- 45 bottom of each video field with a constant-ampli- 

encoded symbol when the symbol is a zero. *wie active portion in the gray region of the luminance 

40. The encoding , method, as set forth in claim 26, scale. 

wherein the step of modulating the serial bit stream ^- The televiaon decoding apparatus as set forth in 

further mcludes the step of: . ^* wherein the means for measuring the ampli- 

up-converting the modulated stereo audio signal to a 50 tude differential includes: 

video subcarrier frequency. means for measuring the amplitude differential be- 

41. The encoding method as . set forth in claim 40. tween adjacent points sampled across the activfe 
wherein the step of up-converting the modulated stereo portion of the dummy video lin^ and 

audio signal includes the step of: means for accumulating the amplitude differentials, 

digitally complementing the modulated stereo audio 55 The television decoding apparatus as set forth in 

signal claim 43, wherein the audio decoder includes: 

42. The encoding method as set forth in claim 26, an analog-to-digital converter for digitizing a modu- 
wberein the step of modulating the serial bit stream lated stereo audio signal; 

further includes the step of: a three-level, partial response demodulator for recov- 

multiplczing the modulated stereo audio signal into 60 ering a sedal bit stream of stereo audio samples 

the horizontal blanking interval of the video signal. from the digitized stereo audio signal; and 

43. A television signal decoding apparatus, compris- means for decrypting the serial bit stream of stereo 
ing audio samples. 

a video decoder that applies line tflt compensation to 50. The television decoding. apparatus as set forth in 

a line-spm scrambled video signal, the video de- 65 claim 43, wherein the video decoder furtiier includes 

coder mcluding means for accurately synchronizing digital timing sig- 

an analog-to-digital converter for digitizing the nals with the digitized scrambled video signal, the syn- 

line-spin scrambled video signal; chronizing means including: 
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means for generating a controllable master sampling 
clock signal; 

means for generating a color-burst-firequency signal 
from the master sampling clock signal; the generat- 
ing means including a counter driven by theoiaster 5 
sampling clock signal; 

a phase error detector for measufing the phase error 
between the color-burst-freqoency agnal and a 
color burst signal in the digitized scrambled video 
signal; and ' 

means for controlling the frequency of the master 
samphng clock signal with the measured phase 
error, 

wherein the line-spin scrambled video signal is digi- 
tized at a sampling rate controlled by the master 
sampling clock signal, thereby synchronizing the 
master sampling clock signal with the video color 
burst signal. 

51. The television decoding apparatus as set forth in 
claim 50, wherein the synchronizing means further in- 
cludes: 

a horizontal synch signal separator for separating a 
horizontal synch signal firom the digitized scram- 
bled video signal; : 25 

means for generating a reference horizontal synch 
signal; 

a phase error detector for measuring the phase error 
between the video horizontal synch sigp[ial 'and the 
reference horizontal synch signal; and 

a horizontal counter clocked by the master sampling 
clock signal, the horizontal coimter being loaded 
with the phase error measured between the hori- 
zontal synch signals, thereby synchronizing the 
horizontal counter with the video horizontal synch 35 
signal. 

52. The television decoding apparatus as set forth in 
claim 51, wherein the means for generating a reference 
horizontal synch signal includes: 

memory means programmed with a horizontal synch 40 
signal, the horizontal synch signal being read from 
the memory means when addressed by the horizon- 
tal counter, thereby generating a reference hori- 
zontal synch signal that is synchronized with the 
video horizontal synch signal. 45 

53. The television decoding apparatus as set forth in 
claim 51, wherein the phase error detector for measur- 
ing the phase error between the horizontal synch signals 
includes: 

means for measuring the number of sampling clock 50 
pulses between the video horizontal synch signal . 
and the reference horizontal synch signal 

54. The television decoding apparatus as set forth in 
claim 51, wherein the synchronizing means further in- 
cludes: 55 

a vertical synch signal separator for separating a ver- 
tical synch signal from the digitized scrambled 
video signal; 

means for generating a reference vertical synch sig- 
nal; and 60 

a vertical counter, the vertical counter being loaded 
with the line number of the horizontal video line 
having the video vertical synch signal, thereby 
synchronizing the vertical counter with the video 
vertical synch signal 65 

55. The television decoding ^paratus as set forth in 
claim 54, wherein the means for generating a reference 
vertical synch signal includes: 



memory means programmed with a vertical synch 
signal the vertical synch signal being read &om the 
memory means when , addressed , by the vertical 
counteTi thereby generating a reference vertical 
synch signal that is synchronized with the video 
vertical synch signal 

56. The television decoding apparatus as set forth in 
claim 54, wherein the vertical counter is clocked at the 
rate that the horizontal counter is loaded with the phase 
error measured between the horizontal synch signals. 

57. The television decoding apparatus as set forth in 
claun 49, wherein the means for decrypting the serial bit 
stream further includes: . 

means for randomizmg the serial bit stream of stereo 
audio samples to remove randomization applied to 
the stereo audio signal during modulation; < 

means for correcting the serial bit stream for errors 
present in the modulated stereo audio signal; ; 

a serial-to-parallel converter for separating the left 
and right stereo audio samples; and 

a pair of digital-to-analog, converters for converting 
the left and right stereo audio samples to analog 
signals. 

58. The television decoding apparatus as set forth in 
claim 49, wherein the three-level, partial response de- 
modulator includes: 

means for recovering a stream of on-symbol audio 
samples from the digitized stereo audio signal; and 

means for converting the on-symbol audio samples 
into a serial bit stream of stereo audio samples. 

59. The television decoding apparatus as set forth in 
claim 49, wherein the three-level, partial response de- 
modulator includes: . 

means for recovering a stream of alternating in-phase 
and staggered quadrature-phase on-symbol audio 
samples from the digitized stereo audio signal; and 

means for converting the stream of alternating in- 
phase and staggered quadrature-phase on-symbol 
audio samples into a serial bit stream of stereo 
audio samples. 

60. The television decoding apparatus as set forth in 
claim 58, wherein the means for recovering includes: 

means for generating an on-symbol clock signal; and 
a latch clocked by the on-symbol clock signal. 

61. The television decoding apparatus as set forth in 
claim 59, wherein the means for recovering includes: 

means for generating an on-symbol clock signal; and 
a latch clocked by the on-symbol clock signal. 

62. The television decoding apparatus as set forth in 
claim 58, wherein the means for converting includes: 

a half amplitude threshold detector and 
an inverter. 

63. The television decoding apparatus as set forth in 
claim 59, wherein the means for converting includes: 

a half amplitude threshold detector, and 
an inverter. 

64. The television decoding apparatus as set forth in 
claim 60, wherein the on-symbol clock signal can be 
used to derive a video color burst signal and a video 
horizontal synch signal. 

65. The television decoding apparatus as set forth in 
claim 61, wherein the on-symbol clock signal can be' 
used to derive a video color burst signal and a video 
horizontal synch signal. 

66. A method for decoding a television signal, com- 
prising the steps of: 
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applying line tilt compensation to a line-spin scram- 
bled video signal, the step of applying line tilt com- 
pensation including the steps of: 
digitizing the line-spin scrambled video signal; 
measuring the amplitude of the line tilt in the digi- ^ 

tized scrambled video signal; 
gen^ating a complraientary ramp based on the 

measured amplitad^ and 
summing the complementary ramp with each line 

of the digitized scrambled video signal; and 
recovering an audio signal modulated with a three- 
level, partial response waveform, the step of recov- 
ering including the steps of; 
digitizmg the modulated audio signal; 
recovering a serial bit stream of audio samples from 

the digitized audio signal; and 
decrypting the serial bit stream of audio samples. 

67. - The decoding method as set forth in claim 66, and 
further including the step of unscrambling each line- 2q 
spin scrambled video line of the compensated scrambled 
video signal, the step of unscrambling including the 
steps of: 

applying a reverse transform to each reversed video 

segment or reversed video line of the compensated 25 

scrambled video signal; and . 
applying an inverse transform to each inverted video 

segment or inverted video line of the compensated 

scrambled video signal 

68. The decoding method as set forth in claim 68, 30 
wherein the step of measuring the line tilt amplitude 
includes the step of: 

measuring the amplitude differential between the 
ends of the active portion of a dummy video line 
transmitted with a constant-amplitude active por- 35 
tion. 

69. The decoding method as set forth in claim 68 . 
wherein the step of measuring the line tilt amplitude 
further includes the step of: 

replacing the dummy video line with a previous 40 
video line for display of the unscrambled video 
signal on a television monitor. 

70. The decoding method, as set forth in claim 68, 
wherein the dummy video line is transmitted at the 
bottom of each video field with a constant-amplitude 
active portion in the gray region of the luminance scale. 

71. The decoding method as set forth in claim 68, 
wherein the step of measuring the amplitude differential 
mcludes the steps of; 

measuring the amplitude differentia] between adja- 
cent points sampled across the active portion of the 
dummy video line; and 

accumulating the amplitude differentials. 

72. The decoding method as set forth in claim 66, 
wherein the step of recovering a modulated audio signal 
includes the steps of: 

digitidng a modulated stereo audio signal; 

recovering a serial bit stream of stereo audio samples 
from the digitized stereo audio signal; and go 

decrypting the serial bit stream of stereo audio sam- 
ples. 

73. The decoding method as set forth in claim 66, and 
further including the step of accurately synchronizing 
digital timing signals with the digitized scrambled video 65 
signal, the step of synchronizing including the steps of: 

generating a controllable master sampling clock sig- 
nal; 



generating a color-burst-frequency signal from the 
master sampling clock signal by driving a counter 
with the master sampling clock signal; 

measuring the phase error between the color-burst- 
. frequoicy signal and a color burst signal in the 
digitized scrambled video signal; and 

controlling the frequency of the master sampling 
dock signal with the measured phase error, 

wherein the line-spin scrambled video signal is digi- 
tized at a sampling rate controlled by the master 
sampling clock signal, thereby synchronizing the 
master sampling clock signal with the video color 
burst signal. 

74. The decoding method as set forth in claim 73, 
wherein the step of synchronizing further includes the 
steps of: 

separating a horizontal synch signal from the digi- 
tized scrambled video signal; 

generating a reference horizontal synch signal; 

measuring the phase error between the video hori- 
zontal synch signal and the reference horizontal 
synch signal; and 

loading a horizontal counter clocked by the master 
sampling clock signal with the phase error mea- 
sure between the horizontal synch signals, 
thereby synchronizing the horizontal counter with 
the video horizontal synch signal. 

75. The decoding method as set forth in claim 74, 
wherein the step of generating a reference horizontal 
synch signal includes the step of reading a horizontal 
synch signal from memory when addressed by the hori- 
zontal counter, thereby generating a reference horizon- 
tal synch signal that is synchronized with the video 
horizontal synch signal. 

76. The decoding method as set forth in claim 74, 
wherein the step of measuring the phase error between 
the horizontal synch signals tnclud^ the step of measur- 
ing the number of sampling clock pulses between the 
video horizontal synch signal and the reference hori- 
zontal synch signal 

77. Tlie decoding method as set forth in claim 74, 
wherein the step of synchronizing further includes the 
steps of: 

separating a vertical synch signal from the digitized 

scrambled video signal; 
generating a reference vertical synch signal; and 
loading a vertical counter with the line number of the 

horizontal video line having the vertical synch 

signal, thereby synchronizing the vertical counter 

with the video vertical synch signal. 

78. The decoding method as set forth in claim 77, 
wherein the step, of generating a reference vertical 
synch signal includes the step of: 

reading a vertical synch signal from memory when 
addressed by the vertical coxinter, thereby generat- 
ing a reference vertical synch signal that is syn- 
chronized with the video vertical synch signal. 

79. The decoding method as set forth in claim 77. 
wherein the step of loading a vertical counter includes 
the step of clocking the vertical counter at the rate that 
the horizontal counter is loaded with the phase error 
measured between the horizontal synch signals. 

80. The decoding method as set forth in claim 72, 
wherein the step of decrypting the serial bit stream 
further includes the steps of: 

randomizing the serial bit stream of stereo audio sam- 
ples to remove randomization applied to the stereo 
audio signal during modulation; 
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coirectmg the serial bit stream for errors present in 84. The decoding method as set forth in claim 82, 

the modulated stereo audio signal; wherein the step of recovering a stteam of alternating 

separating the left and right stereo audio samples; and on-symbol audio sample inchito the steps of: 

converting the left and right stereo audio samples to ^ generatmg an on^bol clock signal; and 

, , ^ .5 clockmg a latch with the on-symbol clock signal 

/^OS agttais. c • i '^^ 85. The decoding method as set forth in claim 81. 

8L The decodmg method as set forth m clami 72. ^^^^ converting the on-symbol audio 

wherein the step of recovermg a serial bit stream of samp)ss includes the steps of: 

stereo audio samples includes the steps of: applying each onTsymbol audio sample to a half am- 

recovering a stream of on-symbol audio samples from jq plitude threshold detector; and 

die digitized stereo audio signal; and inverting the output of the threshold detector, 

converting the on-symbol audio samples into a serial 86. The decoding method as set forth in claim 82, 

bit stream of stereo audio samples. wherein the step of converting the stream of alternating 

8Z The decoding method as set forth in claim 72, on-symbol audio samples includes the steps of: 

wherein the step of recovering a serial bit stream of 15 applying each on-symbol audio sample to a half am- 

stereo audio samples includes the steps of: P^i^^e threshold detector; and 

recovering a stream of alternating in-phase and stag- SJ,'''^?^^^^ T^"* ""^^ threshold detector, 

gered quadrature-phase on-symbol audio samples The decodmg meth«i as set forth m chum 83. 

iixmuuxviu^pi»i:ic wu ajrtuw y wherein the step of generating an on-symbol clock sig- 

from the digitized stereo audio signal; and ^o nal includes the :Step of deriving a video color burst- 

converting the stream of alternating in-phase and ^ . horizontal synch signal from the 

staggered quadratiire-phase on-symbol audio sam- on-symbol clock signal. 

pies into a serial bit stream of stereo audio samples. gg decoding method as set forth in claim 84, 

83. The decoding method as set forth m claim 81, ^ wherein the step of generating an on-symbol clock sig- 

wherein the step of recovering a stream of on-symbol 25 nal includes the step of deriving a video color burst 

audio samples includes the steps of: . signal and a video horizontal synch signal from the 

generating an on-symbol clock signal; and on-symbol clock signal, 

clocking a latch with the onrsymbol clock signal. • ♦ ♦ ♦ ♦ 
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